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Abstract 
An impedance based electrochemical biosensor was successfully printed using a rotogravure printing technique. The 
biosensor was fabricated on a flexible poly ethylene terephthalate (PET) substrate and silver (Ag) nano particle based 
ink was used as metallization for the printed interdigitated electrodes ,'(¶V, with dimensions of 200 μm width and 
spacing. The response of the printed device towards different bio/chemical species such as cadmium sulphide (CdS), 
lead sulphide (PbS), D-proline and mouse IgG were measured using electrochemical impedance spectroscopy (EIS). 
The response of the printed biosensors towards these bio/chemicals demonstrated detection capabilities as low as 
picomolar levels. 
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1. Introduction 
In recent years, a lot of interest has been centered on the development of low cost printed electronic 
devices on flexible substrates. Due to the advantages of printing techniques such as high throughput, 
minimal usage of resources, lower manufacturing temperatures and cost efficiency, research has focused 
on the use of traditional printing methods such as screen, ink-jet, gravure, flexography and offset [1±4] for 
manufacturing electronic devices. Research has shown the development of printed electronics for 
applications such as SULQWHG VHQVRUV >@ UDGLR IUHTXHQF\ LGHQWLILFDWLRQ WDJV 5),'¶V >@ UROOXS
displays [3] and RUJDQLFWKLQILOPWUDQVLVWRUV27)7¶V>4]. However, there are no studies that report on 
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the adaption of continuous and large area roll-to-roll (R2R) printing methods for the development of 
electrochemical biosensors. 
The development of reliable, miniaturized, accurate and cost effective electrochemical sensors that 
detects various biochemicals is essential for the agricultural, environmental and medical industries [5-6]. 
The use of interdigitated electrodes (IDEs) for electrochemical biosensing with miniaturized size has also 
been demonstrated in many studies [7]. Research by Tabei et.al. has showed that microelectrodes provide 
a higher sensitivity and better signal to noise ratio then macroelectrodes [8]. Traditional immunoassay 
techniques such as radio immunoassay (RIA), enzyme linked immune assay (ELISA) and fluoro 
immunoassay (FIA) are hazardous, expensive, laborious and require specific labels for biochemical 
detection purposes, thus making them more complex and time consuming [9]. Electrochemical impedance 
spectroscopy (EIS) provides high sensitivity and has received tremendous attention in the field of 
electrochemical biosensor development [10]. 
In this work, the use of rotogravure printing for the fabrication of an efficient electrochemical 
biosensor that incorporates silver (Ag) IDEs is demonstrated. The IDEs, with electrode finger dimensions 
of 200 μm width and spacing, were rotogravure printed on a flexible poly ethylene terephthalate (PET) 
substrate. The capability of the fabricated device was demonstrated through the detection of different 
biochemical species such as cadmium sulfide (CdS), lead sulfide (PbS), D-proline and mouse IgG. 
2. Experimental 
A 175 μm thick PET (Melinex ST 506) from DuPont Teijin Films was used as substrate. IDEs were 
gravure printed using Ag nanoparticle based ink (TEC-PR-20) from Inktec Inc., with an average particle 
size of 20 to 30 nm. CdS, PbS, phosphate buffer saline (PBS) (all in crystalline form) and D-proline (in 
liquid form) were purchased from Sigma±Aldrich Chemical Company. Mouse monoclonal IgG antibody 
was purchased from Bio-Design International Inc. A PBS (pH 7.4) solution was formed by dissolving 
crystalline PBS in DI water. Various concentrations of D-proline (100 pM, 100 nM and100 μM) and 
Mouse IgG (10 pM, 10 nM and 10 μM) were prepared by mixing with PBS. CdS and PbS were dissolved 
in DI water to prepare different concentrations (100 pM, 100 nM and 100 μM).  
The electrochemical biosensor was fabricated at the WMU Printing Pilot Plant with Western Michigan 
8QLYHUVLW\¶VZHE-fed Cerutti Gravure Press which is known for its high quality printing, high print speeds 
and use of low viscosity inks. The conductive silver nanoparticle based ink, was used for the metallization 
of the microelectrodes. The printed device comprises of 8 pair of electrodes; each electrode has 
dimensions of 8600 ȝPOHQJWK ȝPZLGWKDQG ȝPHOHFWURGHVSDFLQJ (Fig. 1(a)). An array of the 
printed impedance based biosensors on flexible PET substrates is shown in Fig. 1(b). 
All measurements were conducted at room temperature. First, the biosensor was rinsed with isopropyl 
alcohol and distilled water and dried in pressurized air. Varying concentrations of 100 μl sample solutions 
of PbS, CdS, D-Proline, and Mouse IgG were loaded onto the printed biosensor. The response of the 
fabricated device at an applied potential of 100 mV and an operating frequency range of 1 Hz to 1 MHz 
 
 
 
 
      (a)             (b) 
Fig. 1. (a) Single and (b) array of rotogravure printed electrochemical biosensors. 
958  A.S.G. Reddy et al. / Procedia Engineering 25 (2011) 956 – 959
ϭϱ
ϭϱϬ
ϭϬ ϮϬϬϭϬ ϰϬϬϭϬ ϲϬϬϭϬ ϴϬϬϭϬ
/ŵ
ƉĞ
ĚĂ
ŶĐ
Ğ;
ёͿ
&ƌĞƋƵĞŶĐǇ;,ǌͿ
DŽƵƐĞ/Ő'
W^
/Ő'ϭϬƉD
/Ő'ϭϬŶD
/Ő'ϭϬƵD
was observed. EIS on the printed biosensor was performed using a PARSTAT 2273 potentiostat which 
was connected to the printed device using alligator clips. The PARSTAT 2273 was controlled by a PC via 
USB, using a custom-built LabVIEW program. Calibration for the probes and wires was done before 
taking measurements. At the end of each experiment, the biosensor was rinsed with distilled water and 
dried with pressurized air. 
3. Results and Discussion 
Fig. 2 depicts the response of the biosensor towards CdS (Fig. 2 (a)) and PbS (Fig. 2 (b)), which are 
highly toxic pollutants in land and water, for 10 Hz and 100 Hz at an applied potential of 100 mV. The 
impedance response of the printed biosensor towards CdS was demonstrated in an impedance change 
from 1.04 0 WR 0.85 0 to 0.8 0; and for PbS from  0 WR  0 WR  0 as the 
concentration was varied from 100 pm to 100 nM to100 μM, respectively at an operating frequency of 10 
Hz. CdS and PbS were detected at concentrations as low as 100 pM which is well below the limit of 3 μM 
and 3 mM for CdS and PbS regulated by USFDA [11]. 
Figure 3 (a) depicts the response of the biosensor towards D-proline; which is structurally similar to 
domoic acid that is a main cause of seafood poisoning. In this figure, the three sets of bars represent the 
percentage change in measured impedances for the 100 pM, 100 nM and 100μM concentrations of  
D-proline at operating frequencies of 100 Hz, 200 Hz, 700 Hz and 1 kHz, when compared to the base 
solution of PBS. It can be observed that the change in impedance percentage value increases as the 
concentration of the solution was increased. As an example, for measurements at 1 kHz frequency, the 
impedance percentage change value increased from 45 % to 55 % to 60 % as the concentration of D-
proline increased from 100 pM to 100 nM to 100 μM, respectively when compared to PBS. D-proline 
was detected as low as 100 pM while the USFDA limits for domoic acid is 20 μM [12]. 
 
 
 
 
 
       
(a)             (b) 
Fig. 2. Impedance response of printed sensors towards (a) CdS and (b) PbS; at applied potential of 100 mV 
 
 
     
(a)            (b) 
Fig. 3. Impedance response of printed sensors towards (a) D-Proline and (b) Mouse IgG; at applied potential of 100 mV. 
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Fig. 3(b) depicts the measured impedances for 10 pM, 10 nM and 10 μM concentrations of mouse IgG 
at an operating frequency range of 1 Hz to 1 MHz and an applied potential of 100 mV. It was observed 
that a better signal to noise ratio was achieved at lower frequencies of 10 Hz to 2 kHz (as shown in the 
inset of Fig. 3(b)). As an example, for the measurements at 100 Hz frequency, the impedance value 
changed by 2 %, 3 % and 5 %, when compared to PBS levels, for 10 pM, 10 nM and 10 μM 
concentrations of mouse IgG. 
4. Conclusion 
An electrochemical biosensor was successfully inkjet printed using a Ag nanoparticle based ink, with 
electrodes dimensions of 200 μm (width and spacing). The impedance based response of the sensor 
towards toxic heavy metals like CdS and PbS, and biological proteins such as D±proline and mouse IgG 
showed a percentage change of 70 %, 45 %, 60 % and 5 % when compared to DI and PBS, respectively at 
an applied potential of 100 mV. The results obtained show a promising potential for printed 
electrochemical biosensors to distinguish among the pico, nano and micro level concentrations of various 
bio/chemical species. Future studies include research to fabricate selective printed bio/chemical sensors, 
which can be integrated into Lab-on-a-Chip (LOC) sensing systems. 
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